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Motivation for the work
Natural surfactants modulate gas exchange rates across the air-sea in-
terface through their impact on small-scale waves; hence the large-
scale mapping of marine surfactants is an important research aim. 
Contemporary measurements of surfactant activity involve rather 
specialised electrochemical techniques that are time consuming and 
can be unreliable at sea.  Simple yet robust alternatives are therefore 
required.
Here we present the results from concurrent fluorescence excitation-
emission matrices (EEMs) and surfactant activity measurements.
Aims:
1) Can we observe a relationship between single-point fluorescence 
and surfactant activity measurements in a range of natural inshore 
and coastal waters?
2) Does the use of more than one wavelength pair improve the 
fluorescence-surfactant activity relationship?
3) Does specific characterisation of the DOM present within a region 
(using PARAFAC) improve estimates of surfactant activity from fluo-
rescence measurements?
• Two techniques were used to elucidate specific regions of 
fluorescence spectra that may act as a proxy for surfactant activity.   
• Single point wavelength pairs thought to represent major DOM 
pools were measured and compared to distinct ‘components’ 
derived by decompostion of stacked excitation-emission scans  (see 
right, Fig 1).
• Measurements containing information from several classical 
wavelength-pairs (Table 1) allowed  the identification of stronger links 
between fluorescence and surfactant activity, than single point meas-
ures alone as has been previously used. 
• Decomposing regional specific CDOM signatures using multi-way 
techniques, such as PARAFAC, and relating relative loadings of these  
components (rather than using ‘classical regions’) may prove an even 
greater tool as a proxy for surfactant activity.
 • Areas of fluorescence most strongly related to surfactant 
activity were dependent upon regional (riverine, estuarine and 
coastal) and water type (sea-surface microlayer vs bulk waters) sug-
gesting these measurements may also provide additional information 
on the dynamics of natural surfactants.          
Summary
Peak Exmax (nm) Emmax (nm)
B 275 310 Tyrosine-like, protein like
T 275 340 Tryptophan-like, protein-like
A 260 380-460 Humic-like
M 312 380-420 Marine humic-like
C 350 420-480 Humic-like
Figure 1. (Top left) Raw excitation-emission matrix (EEM), showing a visual ‘contour 
map’ of dissolved organic matter (DOM) fluorescence. Stars show the position of 
classical fluorescent components measured.
(Surrounding images) Independant fluorescent components identified using PARA-
FAC decomposition analysis of study dataset. 
Table1. (Right) The fluorescent DOM components commonly found in seawater and 
their associated wavelengths (as Coble, 1996)
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Previous studies observed a correlation between CDOM 
fluorescence (Ex.355 and Em.450) and surfactant concen-
trations from a range of subsurface seawaters (Frew 2002).  
Our samples, containing sea-surface microlayer and bulk 
samples from a range of depths (0-40m) also displayed a 
significant relationship to fluorescence within this region 
(fig. 2).  The slope of the relationship varied markedly how-
ever dependent upon location.  Relationships were there-
fore derived for inland and offshore waters seperately.    
The fluorescence region previously studied falls within the 
classically defined region ’C’ (fig.1).  This is though to be 
produced via terrestrially derived ‘humic-like’ material.  In-
cluding additional fluorophore information as single wave-
length point measurements (e.g. B,T,M,A) allowed an im-
provement in the fluorescence - surfactant relationship in 
all cases (except one, where no improvement of fit was ob-
served).  This is likely to be due to a reduction in the sensi-
tivity of the relationship to sudden large influxes of a spe-
cific material e.g. high runoff.  As the inclusion of some 
fluorophore information significantly improves relation-
ships observed, it may suggest these materials consitute a 
significant proportion of the observed surfactant activity 
e.g. protein-like material in in-shore microlayer samples 
(fig.3).
The specific characterisation of regional CDOM pools 
using 3D fluorescence scans (EEM measurements 
below) allow independently changing components to 
be identified.  To investigate if using relative component 
loadings rather than traditional areas of fluorescence al-
lowed improved surfactant relationships, a PARAFAC de-
composition of EEM’s was carried out and the relation-
ships between C4 (encompassing Ex. 355/Em. 450) and 
surfactants determined.  
Relationships were also optimised to multiple compo-
nent loadings to identify regions of greatest predictive-
capability (table. 2).    
Optimised relationships between PARAFAC components 
and surfactant activity were always greater than for rela-
tionships derived using specific wavelengths alone 
(table.2).  This may be due to the capability of PARAFAC 
to find regions of maximum change within the dataset 
and reduces the chances of ‘missing’ information e.g. 
fluorescence maxima can undergo wavelength ‘shift’ es-
pecially over large salinity changes.
Combining 2 optimised relationships for different water 
types (i.e. microlayer and bulk) may allow estimates of re-
gional surfactant concentrations to be estimated (Fig.4).  
Further sampling however is required to span a broader 
range of fluorescence and minimise the influence of the 
highly weighted nearshore (T0) waters.
Figure 4.  Surfactant activity against optimised DOM 
fluorescence.  Samples collected along B0 - PS transects 
Feb-May 2008 (R2=93.5 n= 91).   
Figure 2.  Separate relationships observed between 
fluorescence (Ex.335/Em.450) and surfactant activity be-
tween inland waters and offshore sites.
Figure 3.  Improvements in the relationship between 
fluorescence and surfactant concentration were observed 
when additional fluorescent component information was 
added to the regression (Single wavelength R2 = 39.3,  mul-
tiple wavelengths = 76.7 n= 17).
Table  2.  Relationships observed between fluorescence and sur-
factant activity (R2) using single-point and PARAFAC derived 
components.   Relationships with Ex. 355,  Em. 450 (or C4) and the 
best observed are shown.  (values in brackets identify 
components used during fit)        
Wavelengths Single-point PARAFAC
All samples 355/ 450 24.9 17.7
Optimised 36.1 (T+M) 38.4 (C1,3+5)
Blyth all 355/ 450 51.5 56
Optimised 54.5 (T,A+C) 64.9 (C2,3,4+5)
Blyth bulk 355/ 450 36.4 72.9
Optimised 50.0 (T,M+C) 91.8 (all)
Blyth ML 355/ 450 74.7 81.9
Optimised 74.7 86.4 (C1+4)
Tyne all 355/ 450 46.7 40.8
Optimised 68.6 (B,A+C) 72.1 (C2,3+5)
Tyne bulk 355/ 450 56.1 46.4
Optimised 68.7 (T+C) 74.1 (C2+5)
Tyne ML 355/ 450 39.3 35.4
Optimised 76.7 (B,M+C) 79.7 (all)
Instrumentation and methods
Figure 5. Study area map
Figure 6. HMDE setup used for the AC voltam-
metric determination of surfactant activity
with regards to their spectra shape or their number (Stedmon et al., 2003). 
The dataset for PARAFAC modelling was composed of 94 River Tyne and 286 coastal 
North Sea samples. The analyses were carried out in MATLAB with the “N-way toolbox 
for MATLAB” (Andersson and Bro, 2000) and split half analysis (Stedmon et al., 2003) 
was used to validate the identified components.
Surfactant activity measurements
AC voltammetric measurements were performed with a Metrohm VA 757 computrace 
using a hanging mercury drop electrode (HMDE). The AC phase angle was selected to 
be 90º and a potential of E = -0.6 V (vs. Ag/AgCl reference electrode, 3 M KCl) was used 
for accumulation of surface active organic matter (SAOM) during 15 s (sea surface mi-
crolayer samples) and 120 s (all subsurface samples) with stirring (600 rpm, standard 
100 ml Methrohm cell, Teflon stirrer bar of 1 cm).  An applied alternating voltage of 10 
mV and frequency of 75 Hz was used.  The measurements were carried out in a cell 
open to air without purging and without the addition of an indifferent electrolyte 
(Cosovic & Vojvodic, 1998).
Statistical analysis
The best subsets regression routine within MINITAB 15 was used to identify the best 
predictive models available from the fluorescence data supplied (either Coble (1996) 
fluorophores or PARAFAC component loadings) of surfactant activity.  Regression coef-
ficients are displayed as percentage R2.
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The study area
The study areas included (1) transects of the coastal North Sea adjacent to 
the River Blyth during 8 cruises of the RV Bernicia between 20 February and 
6 May 2008.  Transects extended from the Port of Blyth (B0) to a long term 
monitoring site (PS);
(2) the River Tyne estuary during 3 expeditions via RIB on 12 September 
2007, 5 December 2007 and 10 April 2008 covering as wide a range of
salinity as practically possible.  
Sampling protocol
The sea surface microlayer was sampled directly using a Garret type mesh 
screen (16-mesh stainless steel screen: size 275 x 275 mm) whilst samples of 
surface water were collected using a plastic bucket and those at stated 
depths were collected using Niskin bottles.  Samples were filtered through 
sterile 0.22 µm filters (Millipore) and the filtrate was placed into sterile HDPE 
centrifuge tubes prior to storage (dark, 4ºC). All EEM and surfactant activity 
measurements were made in the laboratory within 5 d after collection and 
allowed to warm to room temperature before analyses (apart from surfac-
tant samples collected on 22 April, 29 April and 6 May 2008 which were 
fixed with 10 µl 0.25 M HgCl and analysed within 2 months).
EEM measurements and PARAFAC modelling
EEMs were generated  on a spectrofluorometer (Varian Cary Eclipse) by scanning excitation spectra from 200 - 400 nm at 5 nm intervals and 
emission wavelengths from 280 - 600 nm in 3 nm increments. Spectra were corrected using user generated excitation and emission bias correc-
tion curves.    An EEM of Milli-Q water was taken each day  and subtracted from each sample.   Samples were corrected for Raman Intensity at 
396nm.
PARAFAC statistically decomposes the complex mixture of DOM fluorophores into components without any assumptions 
